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We examine a scenario where the Higgs boson is coupled to an additional singlet scalar field which
we identify with a quintessence field. We show that this results in an unified picture of dark matter
and dark energy, where dark energy is the zero-mode classical field rolling the usual quintessence
potential and the dark matter candidate is the quantum excitation (particle) of the field, which is
produced in the universe due to its coupling to the Higgs boson.
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Introduction. The Higgs boson is the missing link of
the standard model (SM) of the electroweak interactions.
Its search will be a top priority at the Large Hadron Col-
lider (LHC) whose operation starts next year. In addition
to unraveling the mechanism of electroweak symmetry
breaking and the ensued mass generation for fermions
and electroweak gauge bosons, it may also be a portal to
new physics hitherto hidden in a standard model singlet
sector [1].
Proposals for singlet extensions of the SM are not new
in the literature. The simplest extension is the addition
of a real singlet scalar field which couples only to the
Higgs doublet. This could be called the minimal non-
minimal standard model (MNMSM) [2]. The contribu-
tion of this new field to radiative corrections only arise
at the two-loop level and were studied in Refs. [3].
More recently, the salient consequences of this simplest
extension, both phenomenological and cosmological, have
been analyzed. The phenomenological implications can
arise in two ways: mixing of the singlet with the Higgs
boson and the possibility of invisible decay of the Higgs
boson into two singlet bosons [1, 2, 4, 5, 6]. On gen-
eral terms, a coupling of the Higgs doublet H and the
scalar singlet field Φ of the form ΦH†H will generate a
mixing between the physical Higgs boson and the singlet
after spontaneous electroweak symmetry breaking. In
addition, a quartic coupling like ΦΦH†H results in the
possibility of Higgs boson decay into a pair of singlets
and, in the case of a non-zero vacuum expectation value
of the singlet, a mixing can also be induced.
The singlet-Higgs mixing will in general weaken the
standard model Higgs coupling to ordinary fields, making
its discovery more challenging [7]. The invisible decay of
the Higgs boson can be detected through the weak gauge
boson fusion at the LHC [8].
On the cosmological side, it was realized that the scalar
singlet is practically stable and therefore can provide a
dark matter candidate, sometimes dubbed as phion [4,
6, 9, 10, 11, 12, 13, 14]. Bounds on the phion-Higgs
coupling can be obtained from the constraints on its relic
abundance.
In this letter we aim to study the consequences of iden-
tifying the scalar singlet not only with the dark mat-
ter, but also with the dark energy field, responsible for
the recent stage of accelerated expansion of the universe.
Coupling of the dark energy field to neutrinos has led
to models of variable-mass neutrinos [15]. Models with
interaction between dark energy and dark matter have
also been extensively studied [16]. The interaction be-
tween dark components is also a crucial issue in the uni-
fied model of dark energy and dark matter, the general-
ized Chaplygin gas model, which can be realized through
a complex scalar field [17, 18] or via a real scalar field
[19, 20]. Some of these interacting models also lead to
mass-varying dark matter and their effect on the relic
abundance was discussed in Ref. [21]. Therefore, it seems
natural to analyze models where the dark energy couples
to the Higgs field, which arise in the simplest extensions
of the SM discussed above.
There are many models with ultra-light particles, such
as models containing moduli fields or pseudo-Nambu-
Goldstone bosons. In these models, the associated fields
of these ultra-light particles could play the role of the
quintessence field. These particles should not be cou-
pled to normal matter in order to avoid new long range
interactions [22]. However, it remains to be investigated
whether the Higgs could offer a portal to this dark sector.
A preliminary study. In order to get some insight for
the possible constraints arising from coupling the Higgs
to a very light scalar, let us consider first a definite model
where the fields are already in their minimum energy
configuration (contrary to the usual quintessence mod-
els, where the fields are displaced from their minimum).
As an example we will adopt the minimal spontaneously
2broken hidden sector model of Schabinger and Wells [5]
involving the usual Higgs doublet H and a further singlet
complex scalar field Φ with a potential
V (Φ, H) = −m2H |H |2−m2Φ|Φ|2+λ|H |4+ρ|Φ|4+η|H |2|Φ|2.
(1)
The fields develop non-vanishing vacuum expectation val-
ues, 〈|H |2〉 = v2/2 and 〈|Φ|2〉 = ξ2/2 and the in unitary
gauge, the physical fields h (the Higgs boson field) and φ
mix through a non-diagonal mass matrix due to a non-
vanishing η. The mixing angle ω between the two scalars
is given by
tanω =
ηvξ
(ρξ2 − λv2) +
√
(ρξ2 − λv2)2 + η2v2ξ2 . (2)
We will consider fifth force constraints to derive bounds
on the mixing ω, following Ref. [23]. The mixing of the
SM Higgs field with a light scalar induces long range
Yukawa-like interactions. Hence one would expect a
Yukawa interaction with strength ge sinω for electrons
and gN sinω for nucleons, where ge = 2.9 × 10−6 is the
electron Yukawa coupling and gN = 2.1 × 10−3 is the
nucleon Yukawa coupling [24].
We consider now a non-relativistic test body of inertial
mass M placed in the gravitational field of the Earth
(with massME) at a distance r from its center such that
it undergoes an acceleration given by:
a = agr + aφ , (3)
where
agr =
ME
M2Plr
2
, (4)
is the usual Newtonian acceleration, MPl is the Planck
mass and
aφ =
ω2
Mr2
[g2NN
E
NN
t
N + gNge(N
E
NN
t
e +N
E
e N
t
N ) (5)
+ g2eN
E
e N
t
e]
is the extra acceleration due to a new force arising from
φ exchange, as long as mΦr ≪ 1; N (E,t)(N,e) is the number of
nucleons or electrons in the Earth and in the test body.
With these definitions one can find that the difference
in acceleration between 2 test bodies of distinct compo-
sitions
ε = 2
|a1 − a2|
|a1 + a2| (6)
can be written as
ε =
MPl
m¯
ω2gNge∆fp (7)
where m¯ is the average nucleon mass and ∆fp is the
difference in isotopic composition of the 2 test bodies:
∆fp =
N
(1)
p
N
(1)
p +N
(1)
n
− N
(2)
p
N
(2)
p +N
(2)
n
(8)
with N(p,n) being the number of protons or neutrons in
the test body.
For typical isotopic differences of the order of ∆fp =
O(10−1) and using the experimental result ε < O(10−13)
[25] we get an estimate for upper bound on the mixing
angle
ω < O(10−20) . (9)
Hence the mixing is severely constrained by 5th force
experiments, even when it occurs only with the Higgs
sector. However, we should point out that this is ex-
pected in the model discussed, since in the limit ξ ≪ v
the mixing angle is given by
ω ≃ η
2λ
ξ
v
≃ η mφ
mH
(10)
where we are assuming quartic couplings of the order of
one. In order for this limit to apply, the Compton length
of the light scalar should be of the order of the Earth
radius, implying in a mass of the order of 10−14 eV, to
be compared with a Higgs mass of the order of 100 GeV.
Therefore, we conclude that there are no limits on the
mixing constant η, which implies that it is possible that
the Higgs may have a large invisible width into very light
particles.
It is also possible that these light scalars are dark mat-
ter candidates. Since in this case there is no symmetry
preventing φ decay, we must check if in fact they can
survive until today. The light scalar decays through its
mixing with the Higgs boson. If mφ < 2me, the dom-
inant decay rate is into gluons via a top quark triangle
(gφt¯t = ωght¯t), which can be readily estimated:
Γ(φ→ gg) ≃ ω2
(αs
pi
)2 GFm3φ
36
√
2pi
(11)
which implies that
Γ(φ→ gg)−1 ≃ 1
ω2(mφ/1 eV)3
10−5tU (12)
where tU ≃ 1017s is the age of the universe. Hence, in
order for the light scalar to be around today we must
require
ω2
( mφ
1 eV
)3
< 10−5 (13)
which is easily satisfied in the case considered here [26].
Hence one should consider the bounds discussed in Ref.
[13], whose reasoning we repeat here as it shows that the
scalar φ unfortunately cannot be a dark matter candi-
date. In order to do that we consider the cosmological
evolution of the light scalar field. If η is sufficiently small,
the singlet decouples early in the thermal history of the
Universe and are diluted by subsequent entropy produc-
tion. In Ref. [11], we have considered out-of-equilibrium
3singlet production via inflaton decay in the context of
N = 1 Supergravity inflationary models (see. e.g. [13]
and references therein).
On the other hand, for certain values of the coupling η,
it is possible that Φ particles are in thermal equilibrium
with ordinary matter. In order to determine whether
this is the case, we make the usual comparison between
the thermalization rate Γth and the expansion rate of the
Universe H . In Ref. [11] it was found that if η > 10−10
the singlets can be brought into thermal equilibrium right
after the electroweak phase transition, being as abundant
as photons.
Since we are interested in a stable ultra-light singlet
field, it is a major concern avoiding its overproduction if
it decouples while relativistic. In fact, in this case, there
is an analogue of Lee-Weinberg limit for neutrinos (see
e.g. [27]):
Ωφh
2 ≃ 0.08
( mφ
1 eV
)
, (14)
which shows that as mφ ≃ 10−14 eV, the thermally pro-
duced ultra-light scalar φ particles cannot be a dark mat-
ter candidate, as for it is required that Ωφh
2 ≃ 0.1.
Of course this is only a toy model since it requires a
huge fine-tuning to generate the different scalar mass
scales and it should be embedded in a more encompassing
model, such as the Minimal Supersymmetric Standard
Model with the addition of one singlet chiral superfield
[28].
In what follows we shall consider the case where the
Higgs is coupled to a quintessence field and pay special
attention to the fact that it is not settled in its minimum.
It is in this respect that a realistic dark energy candidate
differs from the generic dark matter candidate modeled
by a scalar Φ considered above.
Coupling the Higgs to quintessence. Here one must
carefully devise a potential consistent with the classical
equation of motion for the quintessence field Φ, avoiding
the presence of unphysical tadpoles. We choose a generic
potential of the form:
V (Φ, H) = U(Φ) + λ
(
|H |2 − v
2
2
)2
(15)
+λ1(Φ− Φcl)2|H |2 + µ(Φ− Φcl)
(
|H |2 − v
2
2
)
where U(Φ) is the usual quintessential potential which
can, for instance, be of the form of an exponential or an
inverse power law in the singlet field [29]. The second
term is the SM Higgs potential and the last two terms
give rise to Higgs-quintessence coupling, where λ1 is a
dimensionless coupling constant and µ a constant with
dimensions of mass. The classical field Φcl is the solution
to the usual equation of motion:
Φ¨cl + 3HΦ˙cl +
dU
dΦcl
= 0. (16)
The time-dependent minimum of the potential is at
〈|H |2〉 = v22 and 〈Φ〉 = Φcl where all energy density is
due to U(Φcl), exactly as standard quintessence mod-
els. The Higgs doublet in unitary gauge can be writ-
ten as H† =
(
0, 1√
2
(v + h)
)
, where h is the physical
Higgs boson and v = 246 GeV is the vacuum expectation
value. The quantum fluctuations of the singlet field are
described by
ϕ = Φ− Φcl , (17)
so that the accelerated expansion of the universe is driven
by the zero-mode classical field Φcl(t), which corresponds
to the spatially homogeneous vacuum state and typically
is of the order of MPl.
It is interesting to notice that this vacuum state does
not arise from a mechanism of spontaneous symmetry
breaking but is instead a consequence of initial conditions
for the slow rolling evolution of the quintessence field,
that is
Φ˙cl
Φcl
<< H . (18)
In terms of the Higgs boson h and the quintessence
field ϕ the potential becomes
V (ϕ, h) = U(Φcl) + λv
2h2 + λvh3 + λ4h
4 (19)
+ λ1ϕ
2h2 + 12µϕh
2 + 2λ1vϕ
2h+ µvϕh+ λ1v
2ϕ2,
where we have taken U(Φ) ≃ U(Φcl) since ϕ≪ Φcl. The
µ term is responsible for the Higgs boson mixing with
the quintessence particle. Hence we have the interesting
possibility of unifying dark energy and dark matter by
imposing a symmetry ϕ → −ϕ, which requires µ = 0
and renders the quintessence particle stable. Further-
more, since the original quintessence field is not coupled
to ordinary matter and there is no mixing with the Higgs
boson, there are no bounds arising from 5th force con-
straints. Without mixing the Higgs boson mass is the
usual SM result m2h = 2λv
2 and the ϕ excitation mass is
m2ϕ = 2λ1v
2.
In this unified picture, dark energy is the zero-mode
classical field Φcl(t) rolling down the usual quintessence
potential and the dark matter candidate is the quantum
excitation (particle) ϕ, which is produced in the universe
due to its coupling to the Higgs boson.
At this point one might get concerned about the ef-
fects of radiative corrections for the quintessence poten-
tial U(Φ). Quantum fluctuations arising from the self-
coupling of the quintessence field have been shown to
be harmless for potentials of the form of inverse-power
law, exponential and cosine-type in the quintessence field
[30]. The one-loop induced renormalized effective poten-
tial arising from the interactions of the quintessence field
with other fields has been analyzed in Ref. [31]. In there,
the coupling has a general mass dependence of the mass
4of the extra particles on the quintessence field. In our
case we see that in fact the Higgs mass is independent
of Φcl and therefore there are no contributions to the
effective potential.
The analysis of the dark matter contribution arising
from this singlet follows that of Ref. [13]. In particular,
if the scalar decouples relativistically one needs to have
mϕ ≃ 4 eV in order to not over-close the universe. In
this case, the coupling to the Higgs boson, which is the
same that gives mass to ϕ, must be tiny, λ1 = O(10−22).
It is interesting that even such a small coupling can lead
to a successful model of dark energy and dark matter.
Unfortunately, this tiny coupling is most likely impossible
to test at future accelerators, since it leaves the Higgs
sector of the SM practically unaffected.
On the other hand, there is another solution to the
DM abundance that requires a large value of coupling
constant. Indeed, the solution of the Boltzmann equa-
tion studied in Ref. [13] admits a solution for which
mϕ ≃ 1 GeV for λ1 = O(10−1), however this is clearly
incompatible with the fact that m2ϕ = 2λ1v
2.
Conclusions. In summary, we have examined the im-
plications of a scenario where the Higgs boson is cou-
pled to a SM singlet field responsible for the accelerated
expansion of the universe. In this context a quite in-
teresting possibility arises where the classical zero-mode
component of the singlet field corresponds to the dark
energy particle while its excitation plays the role of dark
matter. In order to make this excitation consistent with
the cosmological density requirement Ωϕh
2 ≃ 0.1 im-
plies the coupling with the Higgs field is rather small
λ1 = O(10−22), which makes unlikely that this scenario
might be scrutinized in the forthcoming generation of ac-
celerators. Nevertheless, it is remarkable that a such a
tiny opening in the Higgs portal admits such a rich and
intriguing scenario.
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